Intestinal helminths are known to subvert the host's immune response towards a Th2 response, which in turn may lead to both eosinophilia and high immunoglobulin E titers often associated with these parasites. Mycobacterium leprae infection may lead to different clinical and pathological forms. Multibacillary forms are associated with Th2 cytokines, whereas paucibacillary forms are associated with Th1 cytokines. We report a significantly higher frequency of intestinal helminthic infections in patients with the lepromatous form, a multibacillary form of leprosy (odds ratio, 2.99; 95% confidence interval, 1.82-4.95; P ϭ 0.006) when compared with patients with paucibacillary leprosy or to a control group without leprosy. A direct correlation was also found between mycobacterial index and the frequency of intestinal helminths. Our results suggest that the presence of intestinal helminths may facilitate the establishment of M. leprae infection or the progression to more severe forms of leprosy.
Abstract.
Intestinal helminths are known to subvert the host's immune response towards a Th2 response, which in turn may lead to both eosinophilia and high immunoglobulin E titers often associated with these parasites. Mycobacterium leprae infection may lead to different clinical and pathological forms. Multibacillary forms are associated with Th2 cytokines, whereas paucibacillary forms are associated with Th1 cytokines. We report a significantly higher frequency of intestinal helminthic infections in patients with the lepromatous form, a multibacillary form of leprosy (odds ratio, 2.99; 95% confidence interval, 1.82-4.95; P ϭ 0.006) when compared with patients with paucibacillary leprosy or to a control group without leprosy. A direct correlation was also found between mycobacterial index and the frequency of intestinal helminths. Our results suggest that the presence of intestinal helminths may facilitate the establishment of M. leprae infection or the progression to more severe forms of leprosy.
Intestinal helminthic infections are known to elicit an immune modulation in the host characterized by an upregulation of Th2 responses, such as peripheral blood and intestinal mucosa eosinophilia and high titers of circulating immunoglobulin E. 1 This Th2 upregulation was elegantly demonstrated in rodent experimental models and has been also reported in humans. [2] [3] [4] Experimental observations have shown that besides upregulating Th2 responses, helminthic antigens also downregulated Th1 responses, affecting the ability of the host's immune system to respond to other infections. [5] [6] [7] Bentwich and others 8 suggested that infection by intestinal helminths might affect disease severity on patients infected by either human immunodeficiency virus type 1 or Mycobacterium tuberculosis.
Prost and others, 9 investigating different regions with the same leprosy prevalence, reported that the frequency of lepromatous leprosy was significantly higher on areas where filariasis was hyperendemic than on those where it was either of low endemicity or absent. Also, a downregulation of the cellular immune response to M. tuberculosis antigens and an upregulation of Th2 cytokines were reported in children infected with Onchocerca volvulus in the Republic of Cameroon, suggesting that infection with helminths interfered with the normal immune response to mycobacterial infection. 10 It is known that in leprosy, a Th1 response has been associated with resistance to M. leprae, or at least with the mild paucibacillary tuberculoid form, and that Th2 response has been associated with the severe multibacillary lepromatous form. 11 Therefore, it is possible that an upregulation of Th2 cytokines, elicited by an infection with intestinal helminths, may affect the immune response against M. leprae, favoring the establishment of multibacillary forms of leprosy. 11 In an attempt to verify a relationship between intestinal nematodes and leprosy, we reviewed the records of 477 patients with leprosy attending to a Espírito Santo state health service (Centro de Saúde de Vitória) in Vitória, Espírito Santo, Brazil, from January 1992 to December 1999. As a control group, we randomly selected 470 patients without leprosy who were in the same unit during the same period. Records from either patients with leprosy or controls included results from at least one stool examination (performed by the Hoffman-Pons-Janer method at the same clinical laboratory).
Patients with leprosy were grouped according to their clinical form following the guidelines of the Brazilian Ministry of Health: 1) 115 (24.1%) patients were classified as having the indeterminate form; 2) 191 patients (40.0%) were classified as having the tuberculoid form; 3) 83 patients (17.4%) were classified as having the borderline form (including borderline-borderline, borderline tuberculoid, and borderline lepromatous); and 4) 88 patients (18.4%) were classified as having the lepromatous form.
Patients with leprosy were also grouped according to their mycobacterial index as either paucibacillary (negative baciloscopy, which includes indeterminate and tuberculoid patients) or multibacillary (positive baciloscopy, which includes borderline and lepromatous patients). The mycobacterial index ranged 0-6, according the number of bacilli by oil immersion field (oif): 0 ϭ none/1,000 oif; 1ϩ ϭ 1-10/ 100 oif; 2ϩ ϭ 1-10/10 oif; 3ϩ ϭ 1-10/oif; 4ϩ ϭ 10-100/ oif; 5ϩ ϭ 100-1,000/oif; and 6ϩ Ն 1,000/oif. Statistical analysis was performed by Epi Info version 6.0 (Centers for Disease Control and Prevention, Atlanta, GA).
The results are summarized on Tables 1 and 2 . Frequency of stool samples positive for intestinal helminths was significantly higher among patients with leprosy, regardless of their clinical form (odds ratio [OR], 1.46; 95% confidence interval [CI], 1.08-1.97, P ϭ 0.01). This difference disappears if these patients are grouped by sex (Table 2) . However, when patients with leprosy were grouped according to their clinical form, the frequency of intestinal helminths was significantly higher among patients with lepromatous leprosy, regardless of their sex (OR, 2.99; 95% CI, 1.82-4.95, P Ͻ 0.001) ( Table 2 ). The frequency of intestinal helminths was significantly higher among multibacillary patients (borderline and lepromatous) than in the paucibacillary group (indeterminate and tuberculoid): 38.3 and 24.6%, respectively (OR, 1.81; 95% CI, 1.17-2.79; P ϭ 0.006). A direct correlation between the mycobacterial index and the frequency of intestinal helminths was also found (Pearson coefficient R ϭ 0.982, P ϭ 0.01). Although data for both patients in both the leprosy and control groups were collected at the same health center, our sampling method may be criticized because patients treated there came from different neighborhoods of metropolitan Vitória. Although members of both the leprosy and control groups were of similar socioeconomic status, hygiene and housing conditions may vary from region to region in Vitória's metropolitan area. In addition, leprosy is often a disease of families or people with close contact, and the ideal controls would be people in contact with patients with leprosy and people living in the same house or neighborhood.
Even with these caveats, the results presented here show a direct correlation between helminthic infections and multibacillary leprosy. The observed differences in frequencies of intestinal nematodes were significant when patients with multibacillary forms were compared with either patients with paucibacillary leprosy or with controls. Conversely, the frequency of other intestinal parasites, such as intestinal protozoans (Giardia lamblia and Entamoeba sp.) did not differ between leprosy and control groups. Considering that the transmission route is the same for both the most frequent helminths (Ascaris lumbricoides and Trichuris trichiura) and the most frequent protozoans (Entamoeba sp. and Giargia lamblia) identified in this study, we think that the risk of parasite contamination through the oral route was similar for members of both the leprosy and control groups. Although the mycobacterial index is not a precise definition of disease spectrum, the high correlation coefficient between mycobacterial index and the frequency of nematode infections may provide another piece of evidence that associates these 2 infections.
Data presented here suggest that the presence of intestinal helminths may be associated with multibacillary leprosy (borderline and lepromatous forms). The immune modulation elicited by helminth antigens-upregulating Th2 responses and inhibiting Th1 immune responses and therefore favoring bacilli growth and dissemination-corroborate our observations. Considering that leprosy is a slowly progressing and chronic disease, it is difficult to determine whether or not the nematode infection preceded the M. leprae infection. However, we think that the immune modulation induced by nematode infection may disrupt the immune responses to leprosy, without regard to whether the helminth infection occurred before or after the M. leprae infection were established. The presence of intestinal worms before the establishment of a M. leprae infection may shift the immune response toward a Th2 path, which in turn may favor the establishment of the mycobacterial infection. Similarly, if infection with helminths occurs after the establishment of a M. leprae infection, the strong Th2 modulation elicited by helminthic antigens may enhance mycobacterial dissemination and disease progression to the multibacillary forms of leprosy.
The hypothesis presented here is also supported by the observations of Prost and others, 9 who reported a higher frequency of lepromatous leprosy in patients with onchocerciasis when compared with patients without onchocerciasis living in the same endemic region. Also corroborating with our results are observations demonstrating that a constant immune challenge sustained by helminthic infections results in a wide immune dysregulation, with a predominance of Th2 cytokines and impairment of the ability of T cells to respond to stimuli. 12, 13 Taken together, these findings suggest that chronic immune activation may lead to immune hyporesponsiveness and in some extreme cases to anergy, endangering the ability of patients harboring intestinal helminths to respond to other chronic infections, such as human immunodeficiency virus and tuberculosis. 8, 12, 14, 15 It has been reported that acute Schistosoma mansoni, intestinal nematodes, or Toxocara canis infections are risk factors for pyogenic liver abscess and for other staphylococcal infections on both children and adults. [16] [17] [18] Supporting this hypothesis are preliminary results from our laboratory, which indicate that the production of interleukin-4 and -10 by CD3
ϩ CD4 ϩ T cells is higher among patients with either lepromatous or tuberculoid leprosy coinfected with intestinal nematodes when compared with patients with leprosy without intestinal nematodes or compared with control individuals (data not shown).
Currently, a prospective case-control study is been carried on at our laboratory; we are attempting to further investigate the association of intestinal helminths and leprosy and to elucidate the immunological consequences of this association.
